Essential oils and volatile emission from leaves and flowers of three Helichrysum species (H. arenarium, H. nudifolium, H. graveolens) were analysed by GC-MS and SPME analysis. A total of 112 components were identified in the EOs representing 92.3-99.9% of the whole oil composition, while 109 constituents were identified in the spontaneous volatile emission accounted for 78.7-98.8% of the total volatile organic compounds (VOCs). Sesquiterpenes represented the main class of constituents in the EOs of the majority studied species. β-caryophyllene was the key compound of H. arenarium and H. nudifolium leaves, even though (E)-2-hexenal showed high percentage in H. arenarium leaves. H. graveolens EO showed a good amount of diterpenes (cembrene and beyerene), absent in the other species. SPME analyses were carried out for the first time to complete the chemotaxonomic investigation on the volatile organic constituents of these plants.
Three Helichrysum species (H. arenarium, H. nudifolium, H. graveolens) native from different geographical areas but acclimatised and grown in Italy in homogeneous conditions (CREA-Sanremo collection) were selected in this work to evaluate their aromatic profile and contribute to their ornamental or industrial applications. Helichrysum arenarium (L.) Moench, is a perennial herb, 50 cm height, that grows in dry sandy and semidesert soils, dunes, steppes of a large geographic area including Scandinavia, Atlantic Europe, Balkans, European Russia, Siberia, Caucasus, Asia Minor, Central Asia, Mongolia and China. This species has greyish leaves, with stems that are covered with white trichomes and the colour of flowers varies from yellow to orange. H. arenarium is used to treat stomach pain, asthma, arthritis disorders, cystitis and jaundice and its inflorescences are traditionally used in Central Europe as antiseptic and spasmolytic remedies [6] . It is also used as repellent against brown house moths [7] . Many studies confirmed several biological properties of the species H. arenarium including antioxidant, hepatoprotective, antibacterial, antiviral, antifungal, anti-inflammatory and antiproliferative activities [8] [9] [10] [11] together with psychotropic effects [12] . Essential oil from H. arenarium showed antioxidant and antimicrobial properties [13] .
Helichrysum nudifolium (L.) Less is found in grasslands throughout Southern Africa, with solitary flowering stems which can be tall till 1.5 m. The inflorescence is flat-topped contracted head-like. This species has radical leaves nerved, linear or lanceolate, elliptic to ovate, thinly and thickly white-woolly [14, 15, 16] . The leaves of H. nudifolium are externally used for wounds and respiratory infections; moreover, the poultice of this plant is recommended for swellings and the roots are employed as antiemetic and antiseptic remedies [2b] . No papers on biological activity of H. nudifolium extracts are reported in the literature to confirm its folk uses.
H. graveolens (M. Bieb.) Sweet grows in high pastures, subalpine and alpine meadows of Crimea, Caucasus, Balkan Peninsula, Asia Minor, Armenia and Kurdistan. It is a greyish-green plant with yellow flowers and linear or linear lanceolate leaves, acute, often spinulose [16] . Flowers from H. graveolens are used in the folk medicine of Turkey for treatment of diabetes mellitus, wound, jaundice and as diuretic [17, 18, 19] . Antidiabetic and antioxidant effects together with its use to treat urolithiasis have been reported in the literature for H. graveolens flowers [19, [20] [21] .
The chemical composition of the EOs and the spontaneous emission of volatiles (SPME) obtained from H. arenarium (Ha), H. nudifolium (Hn) and H. graveolens (Hg) flowers (Fl) and leaves (Le) were analysed by GC-FID and GC/MS analyses. The results are reported in Table 1 and 2, respectively. A total of 112 components were identified in the EOs representing 92.3-99.9% of the whole oil composition, while 109 compounds were identified by SPME analysis accounted for 78.7-98.8% of the total volatile organic compounds (VOCs).
From the Hierarchical analysis, HCA and the principal component analysis (PCA) three groups of EOs were obtained ( Figures 1 and 2 , respectively). One of these groups (I) was formed by Ha (flowers and leaves) and Hn flowers. The composition of EOs from Ha leaves and Hn flowers was dominated by sesquiterpene hydrocarbons (SH), whereas the Ha flower showed a similar amount of SH and non-terpene (NT) compounds. Monoterpenes were completely missing in Hn sample. The main constituents in group I were: β-caryophyllene, β-pinene, 1,8-cineole, pentadecanoic acid, 6,10,14-trimethyl-2 pentadecanone and bis-(2methylpropylester)-1,2-benzendicarboxylic acid. Hn leaves are insert in group II because they were characterized by sesquiterpene hydrocarbons (SH) and non-terpenes (NT) by β-caryophyllene (43.9%) for SH and (E)-2-hexenal (41.0%) and (Z)-lanceol acetate (11.6%) for NT. Group III (Hg leaves and flowers) showed mainly sesquiterpene hydrocarbons (α-neo-clovene, cis-β-guaiene, trans-βguaiene, selina-1(2)4-diene) and oxygenated sesquiterpenes (OS: γ-eudesmol, 7-epi-α-eudemol and valerianol). The diterpenes (DT) totarene, beyerene, cembrene, neocembrene, which were absent in Ha and Hn, contributed to the characterization of this group. βcaryophyllene represented a marker in the aroma of H. arenarium and H. nudifolium. High amount of sesquiterpenes chracterized the EO composition of the majority examined species except for Hn leaves.
These results agree with Maggio et al. [22] that reported the predominance of β-caryophyllene in the EOs from Helichrysum stoechas, H. rupestre and H. italicum cultivated in Italy. This compound, together with δ-cadinene, heneicosane and octadecane, was the main constituent of H. arenarium EO collected in Lithuania [7] . However aliphatic acids (34.6%) and their esters (28.5%) together with linalool (1.7%), anethole (3.2%), carvacrol (3.6%) and α-muurolol (1.3%) were the major compounds in H. arenarium EO from Caucasus [8] . In a previous study from the literature aerial parts of H. graveolens grown in Turkey showed α-cubebene, βcaryophyllene, caryophyllene oxide and azulene-octahydro as main compounds [23] confirming the predominance of SH constituents, per other works [24, 25] . The EO of H. arenarium collected in Italy showed a similar composition of the same plant from Lithuania. Studies present in the literature showed the anti-inflammatory effects of β-caryophyllene and the strong antimicrobial properties of (E)-2-hexenal against pathogens confirming the use of these plants in the traditional medicine [26] . A different trend was found in the literature for Helichrysum armenium EO, another species growing in Iran, where limonene (21.2-29.2%) was the main constituent in all the aerial parts studied while in the present study was found in very low amount (0-5.2%) [27] . 
Essential Oil extraction:
The aerial parts (leaves and flowers, separately) from the three Helichrysum species were subjected to hydrodistillation by Clevenger-type apparatus (3h). The essential oils (EOs) had very low yield (≤0.01%), so they were collected with n-hexane (HPLC grade) and stored at -4ºC in the dark until use.
Solid Phase Micro Extraction analyses (SPME):
The analyses of the volatiles were performed using Supelco SPME device coated with polydimethylsiloxane (PDMS, 100 µm) to establish the volatile organic compound (VOC) emission of flowers and leaves of each Helichrysum species in according with methodology described in our previous work [31] .
GC-FID and GC-MS analysis:
The GC-MS analyses were performed as described in our previous studies [32] [33] .
Statistical analysis: JMP software package SAS (Institute, Cary, NC, USA) was used to statistical analysis. The hierarchical cluster analysis HCA was performed using Ward's method, with squared Euclidian distances as a measure of similarity. Compounds with contents below 1.0 % were excluded from statistical analysis.
